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BUMPED SEMICONDUCTOR DEVICE 
HAVING A TRENCH FOR STRESS RELIEF 

FIELD OF THE INVENTION 

The present invention relates generally to semiconductor 
devices, and more particularly, to a solder bump structure 
that accommodates thermal and mechanical stress gradients 
by incorporation of a stress relief trench. 

BACKGROUND OF THE INVENTION 

As is Well knoWn in the art of semiconductor fabrication, 
following singulation of die from a semiconductor Wafer, the 
die are generally packaged, and the packaged die are in turn 
mounted to a circuit board. While packaging semiconductor 
die is commonplace to execute bonding betWeen the die and 
the circuit board, one neW method, direct chip attach (DCA) 
eliminates the conventional package, in favor of directly 
bonding the chip to the circuit board. In both conventional 
packages and DCA, one method of bonding the semicon 
ductor die to a substrate or to a circuit board calls for 
forming a plurality of solder bumps along a main surface of 
the die, ?ipping the die over, and re?oWing the solder bumps 
While in contact With the substrate or circuit board. Such a 
process is knoWn as a “?ip-chip” bonding technique. 

Solder bumps for ?ip-chip bonding may be formed by any 
one of various methods, the so called “C4” (controlled 
collapse chip connection) process, and E3 (extended evapo 
rated eutectic) process. In each of these processes, bumps 
are made by evaporating a combination of lead and tin 
through a screen, and onto under bump metalliZation (UBM) 
that overlies bond pads. While the C4 and E3 processes are 
effective to form quality solder bumps on a semiconductor 
die, each is relatively expensive and sophisticated. 

In an effort to simplify the bump forming process and 
decrease cost, electroless and electrolytic plating processes 
have been developed. In electroless and electrolytic plating, 
the bumps are generally formed of a loWer melting point 
eutectic solder, 63% Sn, 37% Pb. In contrast, the C4 process 
generally forms solder comprising 97% Pb, 3% Sn. 

Turning to the draWings, FIG. 1 illustrates a basic cross 
section of a solder bump structure formed by the knoWn 
electroplating process. While a single solder bump structure 
is shoWn in FIG. 1, it is understood that an array of solder 
bump structures is generally formed along a surface of the 
substrate. As shoWn, an aluminum pad 102 is formed on 
silicon die 100. Subsequently, a passivation layer 104 is 
blanket deposited over the silicon substrate and pads 102. 
Selective etching is carried out to expose the pads 102, and 
under bump metalliZation (UBM) layer 106 is blanket 
deposited and patterned. Generally, the passivation layer 104 
is formed of glassy silicon dioxide, and the UBM layer is 
formed by sputtering titanium, tungsten and copper. 
Subsequently, copper stud 108 is electroplated so as to 
selectively overlie the UBM layer 106. The components of 
the solder bump structure are completed by electroplating 
lead and tin to form solder bump 110 that overlies the copper 
stud 108. Here, a copper stud 108 provides an interface for 
nucleation and groWth of tin. The solder bump 110 is then 
re?oWed, so as to assume the generally spherical shape 
shoWn in FIG. 1. 

The above-described process for forming a solder bump is 
generally knoWn in the art and is generally effective for 
providing a bump for bonding the silicon die 100 to a 
substrate or to a printed circuit board via DCA. HoWever, it 
has been understood by the present inventors that cracks 
tend to form in the passivation layer 104, during actual use 
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of a device incorporating the silicon die 100. More 
particularly, it has been discovered that cracks tend to form 
in critical area A depicted in FIG. 1. Such cracks tend to 
propagate unimpeded along the die passivation layer, Which 
may lead to failure of the circuitry in silicon die 100. In this 
regard, it has been recogniZed by the present inventors that 
the cracks Will at times form in critical area A is due to 
stresses, both thermal and mechanical, during actual use of 
the semiconductor die in an electronic device. For example, 
thermal expansion coefficient mismatch betWeen the circuit 
board and the silicon substrate causes thermal stress cracks 
in passivation layer 104, in critical area A. Accordingly, a 
need exists in the art for an improved solder bump structure 
that is more robust, and resistant to cracking due to thermal 
stresses and mechanical stresses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a conventional solder bump 
structure formed by electroplating; 

FIG. 2 is a cross-section of an embodiment of the present 
invention, incorporating a stress isolation trench; and 

FIG. 3 is a plan vieW of a solder bump structure according 
to an embodiment of the present invention, prior to forma 
tion of the solder bump. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The present invention addresses the thermal stress and 
mechanical stress induced cracks according to the prior art, 
by incorporating a stress isolation trench in the passivation 
layer. More particularly, turning to FIG. 2, a solder bump 
structure on a semiconductor die 10 is illustrated. As noted 
above With respect to the prior art, although a single bump 
structure is illustrated, such bump structures are generally 
formed in an array pattern across a major surface of the 
semiconductor die 10, or at least around the periphery of the 
semiconductor die. The bump structure includes an alumi 
num pad 12. Aluminum pad 12 is generally formed on the 
semiconductor die, While it is still in Wafer form. 
Particularly, an aluminum layer is blanket deposited over the 
entire Wafer, photoresist is then deposited on the Wafer, the 
photoresist is patterned and unWanted portions of the alu 
minum layer are etched aWay, leaving behind a plurality of 
bond pads. FolloWing de?nition of the bond pads, a passi 
vation layer 14 is blanket deposited over the entire Wafer. 
Then, a photoresist is deposited so as to overlie the passi 
vation layer, the photoresist is patterned, and unWanted 
portions of the passivation layer are removed. The passiva 
tion layer is on the order of 0.5 to 2.0 microns, nominally 1.1 
microns. The passivation layer generally has a glassy 
structure, such as glassy silicon dioxide. The passivation 
layer may also be formed of silicon oxynitride and silicon 
nitride, for example. Like the prior art, a portion of the 
passivation layer 14 overlying bond pad 12 is removed, so 
as to expose bond pad 12. HoWever, according to a particular 
development of the present invention, a stress isolation 
trench 15 is formed in the passivation layer, overlying the 
bond pad 12. Removal of portions of the passivation layer 14 
to de?ne the stress isolation trench 15 and the opening to the 
bond pad 12 may be executed at the same time, by appro 
priately patterning a photoresist layer overlying the passi 
vation layer 14. The stress isolation trench has a Width 
generally on the order of 0.5 to 5 microns. Preferably, the 
trench 15 extends completely through the thickness of the 
passivation layer 14, and overlies the bond pad 12, so as not 
extend over the edge of the bond pad 12 onto silicon die 10. 
The trench is generally spaced from the edge of the bond pad 



5,943,597 
3 

12 by a minimum distance of 3 microns, such as 6 microns, 
and preferably 10 microns. 

According to the embodiment shoWn in FIG. 2, an addi 
tional layer, particularly, a polyimide layer 16, is blanket 
deposited and etched back. The polyimide layer advanta 
geously ?lls in the stress isolation trench 15. Following 
formation of the polyimide layer 16, under bump metalli 
Zation (UBM) layer 18 is blanket deposited and etched back. 
The UBM layer 18 generally includes titanium, tungsten and 
copper. Although the under bump metalliZation is shoWn as 
a single layer, it may be formed of multiple layers. 
Thereafter, the under bump metalliZation layer 18 is exposed 
to a bath containing copper, and a copper stud is groWn on 
under bump metalliZation 18. The copper stud 20 generally 
has a thickness on the order of 12 to 45 microns. FolloWing 
plating to form the stud 20, a solder bump 22 is electroplated 
so as to overlie the copper stud 20. Here, the bump is 
generally comprised of lead and tin, preferably, eutectic 
solder (63% Sn, 37% Pb). FolloWing deposition of solder 
bump 22, the structure is re?oWed at a temperature on the 
order of 185 to 220 degrees C., such that solder bump 22 
assumes the generally spherical shape shoWn in FIG. 2. 

FolloWing re?oW of the solder bump, the semiconductor 
die 10 is noW ready to be bonded to an epoxy printed circuit 
board according to the DCA process, or to an intermediate 
substrate, Which may be ceramic or plastic. Here, the semi 
conductor die 10 is ?ipped over, and the solder bumps 22 are 
aligned With conjugate bonding pads on the substrate or 
circuit board and re?oW is carried out to effect mechanical 
and electrical connection. As is knoWn in the art, bonding to 
the circuit board or to a substrate is completed by incorpo 
rating an under?ll material betWeen the semiconductor die 
10 and the respective circuit board or substrate. 

FIG. 3 illustrates a plan vieW of the solder bump structure 
according to the present invention. As can be seen, stress 
isolation trench 15 is continuous, has a generally circular 
shape, and completely surrounds passivation opening 24, in 
Which solder bump 22 is formed. Solder bump 22 is omitted 
from this vieW for clarity. Preferably, the stress isolation 
trench 15 is continuous and completely surrounds the solder 
bump, to effectively prevent crack propagation through the 
passivation layer 14. 

Although a solder bump structure has been described 
above With respect to formation of a solder bump by 
electroplating, it should be Well understood that the solder 
bump may be formed by other techniques, including elec 
troless plating, C4 and E3 processing. In each of these cases, 
the process How for forming the solder bump structure uses 
conventional techniques, With the exception of patterning 
the photoresist for de?ning the stress isolation trench 15. 
That is, the photoresist is patterned so as to de?ne not only 
the opening to the bond pad 12 in the passivation layer 14, 
but also the stress isolation trench 15. In this regard, it is 
noted that in techniques that selectively deposit, rather than 
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blanket deposit, the under bump metalliZation layer, the 
polyimide layer 16 may be omitted. That is, in processes in 
Which the bond pad is not exposed through the isolation 
trench during deposition of components of the solder bump, 
the polyimide layer need not be present to isolate the 
exposed portion of the bond pad in the trench. 

While the present invention has been described above 
With particularity, it is Well understood that one of ordinary 
skill in the art may make modi?cations and variations to the 
present invention Without departing from the scope of the 
claims attached hereto. 
We claim: 
1. A method of forming a bumped semiconductor device, 

the method comprising the steps of: 
providing a substrate having a bond pad; 
forming a passivation layer Wherein a portion of the 

passivation layer overlies the bond pad; 
patterning the passivation layer to form a trench; and 
forming a bump overlying the bond pad, Wherein the 
bump is surrounded by the trench. 

2. The method of claim 1, Wherein the trench is continu 
ous and forms a closed-loop surrounding the bump. 

3. The method of claim 1, Wherein an entirety of the 
trench extends through an entire thickness of the passivation 
layer. 

4. The method of claim 1, Wherein an entirety of the 
trench overlies the bond pad. 

5. The method of claim 1, Wherein the passivation layer 
includes a material selected from a group consisting of 
silicon dioxide, silicon oxynitride, and silicon nitride. 

6. The method of claim 1, further comprising a step of 
forming an additional layer, Wherein the additional layer 
overlies the passivation layer. 

7. The method of claim 6, Wherein the additional layer 
comprises a polyimide. 

8. The method of claim 6, Wherein the additional layer 
?lls the trench. 

9. The method of claim 1, Wherein the trench has a Width 
of at least approximately 0.5 microns. 

10. The method of claim 1, Wherein the step of forming 
the bump is performed using an evaporation process. 

11. The method of claim 1, Wherein the step of forming 
the bump is performed using a plating process. 

12. The method of claim 1, Wherein: 
patterning the passivation layer also forms an opening; 
the opening and the trench are separated by a portion of 

the passivation layer; and 
the portion of the passivation layer is bounded by a 

perimeter of the opening and an inner perimeter of the 
trench. 

13. The method of claim 12, Wherein at least a portion of 
the bump lies Within the opening. 

* * * * * 


